Rosai-Dorfman disease (RDD) is an uncommon benign entity characterized histologically by lymphatic sinus dilatation due to histiocyte proliferation. This study was performed to delineate its imaging features, reviewed retrospectively in 12 patients (8 women and 4 men, mean age 58.2 years [range 27-84]) with pathologically confirmed RDD in the head and neck. The location, involvement, and imaging characteristics (CT, magnetic resonance imaging (MRI), and PET/CT) of all lesions were evaluated. Signal intensity on MRI images was compared to gray matter (orbital RDD) and adjacent muscle (sinonasal and cervical RDD). RDD in the head and neck involved multiple sites, primarily the sinonasal cavity (n = 7), neck (n = 3), and orbit (n = 1), with one case of simultaneous involvement of the sinonasal cavity, orbit, and neck. With sinonasal involvement, MRI signal intensity of the involved areas was isointense or slightly hyperintense relative to adjacent muscle on T1WI images and heterogeneous on T2WI images; with lacrimal involvement, it was isointense relative to gray matter on T1-and T2-weighted images; and with neck involvement, it was isointense relative to muscle on T1WI images and relatively hyperintense on T2WI images, with homogenous postcontrast enhancement in all sites of involvement. The lesions on CT were observed as enhancing masses with or without bony destruction. PET/CT showed hypermetabolism in one lesion in the neck. RDD is a rare disorder with multiple sites of involvement in the head and neck. Concomitant cervical lymphadenopathy with extranodal masses assisted by multimodal imaging may be useful in the diagnosis of RDD.
Introduction
Rosai-Dorfman disease (RDD), also known as sinus histiocytosis with massive lymphadenopathy (SHML), is a rare but welldefined clinicopathologic entity first described in 1969, [1] with predominant frequency in children, adolescents, and young adults and a slight predominance in men. [2, 3] It is characterized histologically by lymphatic sinus dilatation due to histiocyte proliferation, and it frequently mimics a malignant neoplasm, which often leads to inappropriate treatment of this benign but often progressive disease. The most common presentation is massive bilateral painless cervical lymphadenopathy. Extranodal involvement of RDD in the head and neck has been documented in 43% of patients and usually indicates worse prognosis. [4] The most frequent extranodal sites in the head and neck include the paranasal sinuses and nasal cavity, orbit, parotid gland, and middle ear. [5] The disease rarity, broad differential considerations, and nonspecific imaging findings are why RDD is not often diagnosed in the head and neck. Adding more challenge to the diagnosis, the clinical course of this entity is unpredictable, with episodes ranging from spontaneous regression to protracted periods of stable lymphadenopathy and the less frequent observation of progressive lymphadenopathy. Furthermore, the symptoms of extranodal involvement in the head and neck region are often nonspecific in approximately 75% of patients.
All these difficulties motivated us to perform a retrospective analysis of the clinical experience at our institution to better delineate the imaging features of extranodal involvement in the head and neck, which will contribute to future differential diagnostic studies of RDD. Here we present the imaging findings for a case series of pathologically confirmed RDD in the head and neck in order to increase the familiarity with this entity and further define its imaging findings.
Materials and methods
An electronic medical record review, approved by the Institutional Review Board revealed 12 patients who presented pathologically confirmed RDD in the head and neck between 2008 and 2016.
Available imaging data for the 12 patients were from computed tomography (CT) for 4 patients, magnetic resonance imaging (MRI) for 3, both CT and MRI for 4, and both MRI and PET/CT for 1. Participants lay supine inside the scanner and heads were restrained with padding behind the neck. During the whole scanning process, participants were required to stay still.
CT
Axial unenhanced and contrast-enhanced CT was performed with a 64-MDCT scanner (Philips Brilliance, Best, Netherlands; section thickness, 2.0 mm; field of view [FOV] 18 Â 18 cm; 140 kV; 200 mA/slice). For contrast-enhanced CT, 100 mL iopamidol injection (30 g (I)/100 mL/bottle, 1 mL/kg) was injected at 3 to 4 mL/s.
MRI
All patients had undergone MRI with 8-channel head coil, performed with a 1.5 or 3.0 T MRI imaging scanner (Signa TwinSpeed; GE Healthcare, Milwaukee, WI). The standard institutional imaging protocol for the 1.5/3.0 T scanner used for 7 patients included high-resolution spin-echo (SE) T1-weighted (T1WI) and fast spin-echo (FSE) T2-weighted (T2WI) imaging with 0.5 mm spacing, 5 mm sections, 2 to 4 number of excitation (NEX), 180 Â 220 mm FOV, and a 256 Â 256 matrix. SE T1WI imaging acquisition parameters were time of repetition (TR) 400.0 to 600.0 milliseconds, and time of echo (TE) 15.0 to 20.0 milliseconds. FSE T2WI imaging acquisition parameters were TR 2000.0 to 4000.0 milliseconds, and TE 80.0 to 120.0 milliseconds. Pregadolinium T1WI and T2WI images in 2 planes (axial plus coronal or sagittal) and frequency-selective fatsuppressed axial postgadolinium T1WI images were acquired for all patients. Gadopentetate dimeglumine (0.1 mmol/kg, Magnevist; Bayer Schering Pharma, Berlin, Germany) contrast agent was injected at 2.0 mL/s through a 21-gauge intravenous line with a power injector. Before postcontrast MRI images were obtained, 2 patients underwent dynamic contrast enhancement (DCE)-MRI with 3D-fast spoiled gradient echo (FSPGR), with the acquisition parameters TR 8.4 milliseconds, TE 4.0 milliseconds, flip angle 15°, FOV 220 Â 220 mm, matrix size 256 Â 160, slice thickness 3.2 mm with 0 spacing and 5-minute acquisition time. During DCE-MRI, 12 sequential 13-second images with 12-second intervals were acquired as follows: one control image before injection of contrast agent and 11 images during and after injection. The time-intensity curves (TICs) were used for analyzing the enhancement patterns.
PET/CT
18 F-FDG PET/CT images (Biograph Truepoint 64, Siemens Healthcare, Erlangen, Germany) were obtained 50 minutes after intravenous injection of 18 F-FDG at 4.81 to 5.55 MBq (0.13-0.15 mCi)/kg and the covered range was from the top of the skull to the mid-thigh. The participant was instructed to fast for 4 to 6 hours and blood glucose was measured before injection to ensure that levels were within the reference range. A 14-minute PET acquisition (10-minute/5 bed for the trunk and 4-minute/bed for brain) was performed in 3D acquisition mode. Data obtained from CT acquisition (120 kV, 100 mA, and 3.75-mm slice thickness) were used for attenuation correction of PET emission data. Table 1 provides the demographic, clinical, and imaging details of the 12 patients with RDD (8 women and 4 men; mean age 58.2 years [range 27-84] at diagnosis). The lesions appeared in multiple sites, mainly in the sinonasal cavity and nasopharynx (n = 7), neck (n = 3), and orbit (n = 1) with one case (case 5) of simultaneous involvement of the sinonasal cavity, orbit, and neck. Here we discuss the involvements in detail.
Results

Nasal cavity and paranasal sinus involvement
There were 8 cases of sinonasal cavity involvement. The lesions were multifocal and the most common sites were the nasal cavity, maxillary sinus, and ethmoidal sinuses. In patient 2, choana was involved, with extension into the sphenopalatine foramen. In Table 1 Demographic, clinical, and imaging characteristics of patients with Rosai-Dorfman disease. Xu et al. Medicine (2017) 96:51 Medicine patient 5, the nasopharynx and hard palate were also involved, with extension into the pterygopalatine fossa. Contrast-enhanced CT images were available for 3 patients, who showed homogeneously enhanced soft masses with no calcification in the sinonasal cavity, and one of the nasal lesions showed middle and inferior turbinate reabsorption versus erosion (Fig. 1A) . MRI images revealed 5 lesions that were slightly hyperintense relative to adjacent muscle on T1WI images (Fig. 1B) and heterogeneous on T2WI images with avid homogeneous enhancement on gadolinium enhancement (Fig. 1D) . Remarkably, the lesions showed hypointense areas within a background of hyperintensity on T2-weighted images (Fig. 1C) .
Patient
Cervical involvement
Four patients with RDD had cervical involvement with or without lymph node enlargement. The main involved sites were the glottis and paralaryngeal space. CT images were available for 3 patients and showed homogeneously enhanced masses. The MRI characteristics of the lesions (n = 2) were similar to findings elsewhere: signal intensities similar to that of muscle on T1-weighted sequence ( Fig. 2A) and relative hyperintensity on T2WI image ( Fig. 2B ) with homogeneous enhancement (Fig. 2C) . PET/ CT (patient 10) revealed that the left paralaryngeal space was hypermetabolic, with maximum standardized uptake value (SUVmax) up to 13.3 (Fig. 2D ).
Lacrimal gland involvement
One patient (patient 7) had lacrimal gland involvement. MRI revealed right lacrimal gland enlargement with intermediate signal intensity on T1-and T2-weighted images and intense homogeneous enhancement (Fig. 3A-C) . DCE-MRI showed rapid initial enhancement followed by a wash-out phase (Fig. 3D) . Pathologically, the lesion showed abundant plasma cells and sinus histiocytes containing phagocytized normal lymphocytes within an abundant cytoplasm, including large, pale pathognomonic histiocytes that exhibited emperipolesis (Fig. 1E) . Further immunohistochemical staining showed large histiocytes positive for S-100 and CD-68 protein but negative for CD1a protein.
Discussion
This was a retrospective analysis of the clinical experience with RDD at our institution to detail the imaging features of RDD with involvement in the head and neck. RDD involved multiple sites, primarily the sinonasal cavity, neck, and orbit. With sinonasal involvement, MRI signal intensity was isointense or slightly hyperintense on T1WI images and heterogeneous on T2WI images; with lacrimal involvement, it was isointense on T1-and T2-weighted images; and with neck involvement, it was isointense on T1WI images and relatively hyperintense on T2WI images. CT lesions were observed as enhancing masses with or without bony destruction. PET/CT showed hypermetabolism in one lesion in the neck. Concomitant cervical lymphadenopathy with extranodal masses along with multimodal imaging may be useful in the diagnosis of RDD. RDD is an extremely rare and idiopathic benign disease characterized histologically by lymphatic sinus dilatation due to histiocyte proliferation that may feature a racial discrepancy and is reported to be more common in people of African and West Indian background. [6] Its occurrence has frequently been observed after infectious disease, immunodeficiency, autoimmune disease, and a neoplastic process. However, no causes have been confirmed. In most RDD cases, treatment is not necessary. Therapy is required for patients with extranodal RDD and vital organ involvement or with lesions causing life-threatening complications. [7] At present, there is no ideal schema to treat the diverse types of RDD lesions in a similar manner. Multiple strategies of therapy that should be tailored to the individual lesion or patient include radiation therapy, chemotherapy, steroids, and surgery, which have been used with varying success. [2, [6] [7] [8] [9] Extranodal RDD is not common, and with more severe fibrosis and fewer histiocytes in lesions, the diagnosis of extranodal RDD is more difficult than that of nodal RDD. [10] Further complicating the diagnosis, up to 85% patients have no significant symptoms with their disease, and patients may manifest extranodal disease in the absence of lymphadenopathy. [11] Hence, we need to better define the appearance of RDD and increase physician awareness of the disease within the differential diagnosis in the head and neck. As well, we need to continue to investigate complementary noninvasive imaging techniques, including CT, MRI, and PET/ CT, that can differentiate RDD from the more common diseases in the head and neck.
For this imaging presentation of RDD, we identified some imaging manifestations. The most common was deep cervical lymphadenopathy, present in 7 cases, which is compatible with the original description of the disease. [10, 12, 13] Multiple sites of involvement were also identified, which confirmed 2 concerns. One was that the lesions can be found in many sites such as nasal cavity, paranasal sinuses and extended canal/foremen, pharynx and its adjacent space, glottis beyond nearby structures, and orbit. The differential diagnosis with malignant tumors should be considered. In this study, CT typically displayed polypoid masses or opacification of the sinonasal cavity, with or without associated osseous erosion. The abnormal soft tissue generally shows associated homogeneous contrast enhancement and increased activity on PET. However, a malignant process cannot completely be ruled out on the basis of these nonspecific findings, by the distribution pattern or the intensity of the contrast accumulation. Therefore, although rare, RDD ought to be considered in the differential diagnosis in cases of massive lymphadenopathy or extranodal manifestations or both. However, multifocal lesions may be found simultaneously in one patient. The imaging manifestations of RDD should not overlap with those of lymphoma. Massive painless bilateral cervical lymph-node enlargement can help in considering RDD, whereas lymphoma may feature enlargement and fusion of lymph nodes. In addition, the splenomegaly and diffused hypermetabolism in bone marrow seen on FDG-PET images may be an indication for lymphoma [14, 15] because RDD can seldom cause a whole-body reactive response. Although the uptake of FDG in RDD is not specific, [16] some research highlights that whole-body PET/CT imaging can show the extent of the disease, help with complete staging, provide functional information about disease activity to guide biopsy, and even be used to monitor the follow-up therapeutic response. [12, 17] Increasing studies have concerned RDD in recent years. However, they were clinical short communications, [9, 10, 13] basically confirmed previous study findings, [11, 18, 19] or contained limited imaging information. [20] Our MRI investigations revealed some characteristic signals in lesions. With sinonasal involvement, the signal intensity of involved areas was slightly hyperintense relative to adjacent muscle on T1WI images and heterogeneous on T2WI images, with avid homogeneous enhancement on gadolinium-enhanced images. Remarkably, the lesions showed hypointense areas within a background of hyperintensity on T2-weighted images, believed to be due to free radicals released by inflammatory macrophages. [20, 21] This signal description differed from previous descriptions, [21, 22] in which sinonasal RDD appeared isointense relative to gray matter on T1WI and T2WI images. This difference is believed to be the choice of media (gray matter or muscle). However, a typical representation of hypointensity regardless of calcification on T2-weighted images can suggest RDD.
The major limitation of this study was that the number of cases was too small to provide definitive quantitative estimates of RDD. Our conclusions need to be further evaluated with data from more patients with RDD.
In conclusion, RDD in the head and neck is an uncommon benign pseudolymphomatous entity with a variety of imaging manifestations. The disease tends to be multifocal and should be included in the differential diagnosis when encountered in the neck with painless lymphadenopathy. Because extranodal RDD in clinical presentations is nonspecific and massive cervical lymph node involvement is not always present, this retrospective study indicates that beyond cervical lymphadenopathy, multiple sites of involvement or a typical representation of hypointensity regardless of calcification on T2-weighted images should be considered for a RDD diagnosis. Advanced MRI and PET/MRI techniques such as conventional cross-sectional imaging with high fractional anisotropy, a low apparent diffusion coefficient, mild blooming on susceptibility-weighted imaging images and decreased perfusion may help with easier diagnosis of RDD.
